Background: Adults with growth hormone (GH) de®ciency (GHD) may experience physical and psychological disturbances, which can affect their quality of life (QOL). Objectives: To develop and validate a disease-speci®c module from the previously published QOL measure Questions on Life Satisfaction Modules (QLS M ): the QLS M -H that speci®cally addressed the needs of patients with hypopituitarism. A second aim was for the questionnaire to be applicable across different cultural backgrounds in order to evaluate the ef®cacy of therapy in large, international clinical trials, thus providing additional clinical endpoints for these studies. Design: A preliminary German language version of the QLS M -H was developed from 26 semistructured interviews of adults with GHD. The questionnaire was then independently translated into ®ve other languages and applied in open, non-controlled, multicentre, longitudinal studies to patient n 717 and normative populations n 2700X Methods: A revised, nine-item version of the questionnaire was developed, based on previously de®ned criteria, and was evaluated for reliability and validity. Sensitivity to detect changes after GH replacement was also assessed. Results: The 16 items of the preliminary questionnaire were reduced to nine items on the basis of the correlation of items/factors from initial patient interviews. Psychometric analysis revealed the reliability of the nine-item scale. The Cronbach's alpha scores ranged from 0.81 to 0.89 and the test± retest correlations ranged from 0.76 to 0.88, all of which indicate reliability over time. Mean scores increased signi®cantly during GH replacement therapy, with observed changes greater than those seen with the non-speci®c modules of the QLS M , indicating the sensitivity of the scale. Conclusions: The QLS M -H questionnaire is concise, easy to complete, and can be effectively applied across different cultural backgrounds. Psychometric evaluation of the questionnaire reveals that it is a valid, reliable and sensitive tool useful for assessing impaired life satisfaction in adult patients with GHD and also for monitoring the ef®cacy of GH therapy.
Introduction
Growth hormone (GH) de®ciency (GHD) in adults is associated with a variety of metabolic disturbances that manifest as signi®cant alterations in serum lipid concentrations, bone and glucose metabolism (1) , and body composition (2) . Furthermore, adults with GHD experience disturbances in their psychological wellbeing, including factors such as dissatisfaction with body image, low energy levels, emotional lability, mental fatigue and impaired psychosocial status (3, 4) . These factors can have a signi®cant impact on a patient's life satisfaction or quality of life (QOL).
Health-related QOL relates to how an individual feels, functions and responds in daily life. The potential to measure a patient's QOL has become increasingly important, not only as a method for predicting the need for treatment, but also to provide additional endpoints in clinical trials designed to assess the ef®cacy of such therapy. De®ning the psychological component of QOL and applying it within clinical practice has been a controversial issue for a number of years. The primary contentions have been directed towards the identi®cation, selection and use of psychometric instruments in determining the level of morbidity in speci®c conditions, and the sensitivity of these tools in detecting improvements in QOL after the appropriate therapy. Ideally, the particular psychological concerns of patients relating to a speci®c disorder should be assessed using accurate, diseasespeci®c QOL questionnaires. However, practical experience reveals a large number of available generic QOL instruments that have been applied across many different disease states. Therefore, the implementation of such generic questionnaires may not provide a true re¯ection of the impact that a speci®c disease state may have on an individual's psychological well-being.
There are a number of generic questionnaires that have been applied to patients with GHD. These include the Nottingham Health Pro®le (NHP) (5), the Psychological General Well-Being Schedule (6) and the Rand 36-item Health Survey (SF-36) (7) . These QOL instruments are divided into subcategories that can measure response in different areas of distress, though they do not speci®cally address the concerns of particular importance to patients with hypopituitarism. Consequently, their use has led to a large variation in results and their interpretation with respect to the effects of GHD and GH replacement therapy on QOL (8, 9) . However, large-scale studies have since demonstrated that patients with GHD have a lower level of perceived QOL compared with a normative population (10) , and that QOL in adults with GHD can be improved during and after GH replacement therapy (11, 12) .
The most extensively validated GH-speci®c questionnaire developed to date is the Quality of Life ± Assessment of Growth Hormone De®ciency in Adults (QOL-AGHDA) questionnaire (13, 14) . However, though it is a self-rated questionnaire speci®cally tailored to assess QOL in GH-de®cient patients, it does not consider that each individual will place a different level of importance on each aspect of their functioning, often referred to as`items'. This can be achieved using a weighting scale for each item.
In response to the demand for a more disease-speci®c instrument to assess QOL in patients with hypopituitarism, we have developed and validated an additional disease-speci®c module of the Questions on Life Satisfaction Modules questionnaire (QLS M ; initially constructed and tested in Germany as the FLZ M ) assessment (15) . The QLS M is a highly sensitive, subjective and multidimensional questionnaire for determining QOL. It comprises two other modules ± overall life satisfaction (QLS M -A) and general quality of health (QLS M -G). The additional disease-speci®c module, QLS M -H ( Fig. 1) , addresses the particular concerns of patients with hypopituitarism. A key feature of this modular questionnaire, distinguishing it from other disease-speci®c, self-rating questionnaires, is that each item is weighted according to its relative importance to the individual, with all three modules being concise and thus making it relatively easier for individuals to complete.
A second objective behind the development of the QLS M -H was to establish a questionnaire able to evaluate therapy measures carried out as part of clinical studies or even in individual patients. Because such studies are increasingly internationally organised, the brief was to develop a questionnaire that could be applied globally across many different cultural backgrounds, while still taking the recommended methodological standards into consideration (16±18). After the formulation of the QLS M -H, a series of investigations were undertaken to validate the questionnaire, primarily in patients with GHD and in normative population samples.
Patients and methods
The QLS M -H was developed after studying relevant literature, followed by interviews with patients, in order to generate items. As a result, a preliminary German language version of the questionnaire was developed. This version was subsequently translated into ®ve other languages, with studies being conducted in seven countries. On the basis of data generated from these studies, item selection was then carried out in a parallel approach. Subsequent psychometric evaluation was conducted individually in each country.
Interviews
As a basis for item generation, 26 semi-structured interviews were performed with patients with known, pre-existing hypopituitarism for more than 1 year. The patient cohort consisted of 19 men and seven women aged 24±64 years. Four patients were classi®ed as having childhood onset (CO) GHD and 22 patients were de®ned as having adult onset (AO) GHD. Interview topics were based upon the patients' perception of speci®c aspects of life that may be in¯uenced by their GHD disorder. These include physical ®tness, ability to concentrate, relationships with friends and family, and feelings/mood. The interviews were conducted in the presence of two clinically experienced endocrinologists and lasted between 20 and 40 min. A signi®cant number of categories demonstrating restricted QOL were reported, of which 16 items were included in the preliminary German version.
Translation procedure
The 16 items, together with the interview instructions and response categories, were translated from German into Dutch, UK English, US English, Italian and Spanish, by two independent bilingual translators for each language, with the primary objective of creating semantic equivalence. Each translated version was then back-translated into German and tested for semantic equivalence by the test authors (P Herschbach and G Henrich). For each translated version, approximately one-third of the categories did not agree with the original semantics and therefore could be misunderstood. After consultation with the translators, each of the remaining items was again subjected to the procedure described above. The revised version was then presented to a small group of patients in each country in order to test for comprehension and acceptance.
Item analysis and psychometric testing
The translated questionnaire was used in open, noncontrolled, multicentre, longitudinal studies each with a similar design. All studies were designed also to examine the safety and ef®cacy of human GH (hGH) replacement therapy in patients with hypopituitarism. The studies were conducted in Australia, Germany, Italy, the Netherlands, Spain, the UK and the USA. The UK English version was used in the Australian study.
At the time of enrolment into the study, patients were receiving stable substitution of thyroid hormones, sex steroids, cortisol and/or vasopressin as appropriate. The dose of hGH was increased stepwise over 1±3 months increasing to a maximal dose of 12.5 mg/kg per day depending on the occurrence of GH-related adverse events. The duration of treatment was either 7 months in the USA or 6 months in the remaining countries. The time points at which the QOL questionnaires were used are presented in Table 1 . Determination of body fat was performed either by bioelectric impedance assessment (BIA; in the German, Dutch, Spanish and US studies) or by dual-energy X-ray absorptiometry (DEXA; in all other studies). Insulin-like growth factor (IGF)-I was measured centrally using an IGF binding protein-blocked RIA. All studies were approved by the local ethics committees, and written informed consent was obtained from all participants.
The updated version of the QLS M -H was developed on the basis of factor and item analyses and psychometric evaluation focusing on the questionnaire's reliability, validity and sensitivity. The item selection was performed on the basis of a previously de®ned criteria catalogue, which was used in parallel in all seven participating countries. In addition, the two preexisting modules of the QLS M , the general (QLS M -A) and the health-related module (QLS M -G) (15) , were used to determine whether GH treatment effects can be demonstrated with more sensitivity with the new hormone-speci®c module (QLS M -H). In the German and Spanish studies, the questionnaire was also used in interviews of a representative, normal population sample, because`deviation from the norm' was one of the item selectivity criteria. To achieve this objective, independent social science research institutes were briefed to include a representative and coincidental selection of households in the survey. This survey comprised 1819 normal, adult individuals in Germany and 881 in Spain.
In order to test the construct validity, commonlyused generic life satisfaction questionnaires were used ± the NHP (5) and the SF-36 (6). Table 1 provides an overview of the test design.
The test sample comprised 717 patients (at baseline) and 2700 normal persons. In three of the countries the design included an additional QOL assessment 4 weeks before the beginning of the GH replacement therapy, in order to evaluate test±retest reliability. The validation scales ± NHP, SF-36 ± were answered only by the patients, and not by individuals in the normal population.
Statistical analysis
Statistical evaluation was performed using the Statistical Package for Social Sciences (SPSS) program. Speci®c statistical methods that were used are described in the appropriate sections of the text. Table 1 Overview of the test design. The hGH dose in the patient population was increased from month 1 to month 3, to a maximal dose of 12.5 mg/kg per day, depending on the presence of GH-related adverse events. Duration of treatment was either 7 months in the USA or 6 months in the remaining countries. The time points at which the appropriate QOL questionnaire (QLS M , NHP or SF-36) was used are shown. *The time points in the USA were 21, 0, 4 and 7 months. Table 2 illustrates the key demographic characteristics of the patient sample. The mean age in the different countries varied from 39.6 to 48.6 years, with the percentage of women being between 33.9 and 56.3%. About half of the patient population were married (44.2±65.2%) and in employment (42.3±72.1%). Table 3 describes some of the main medical variables of the patient groups. The majority of patients were diagnosed with AO GHD (61.9±86.8%) and having multiple pituitary hormone de®ciency (MPHD) (88.4±100.0%). The mean body mass index (BMI) was increased compared with that in the average population in all countries, and varied between 26.7 kg/m 2 in Italy and 30.1 kg/m 2 in the UK. The proportion of endogenous fat mass ranged, on average, from 25.6 to 34.3%. Mean serum IGF-I ranged from 48.4 mg/litre in Spain to 87.2 mg/litre in the USA. The last three variables (from all countries) are further differentiated in Table 4 according to time of onset of GHD (COGHD compared with AOGHD) and type of pituitary de®ciency (isolated GHD (IGHD) compared with MPHD). Signi®cant differences were observed between time of onset of GHD, and BMI and IGF-I level in each subgroup. The relative amount of fat mass was distributed evenly in the time of onset groups and in the type of disorder groups (IGHD compared with MPHD).
Results

Sample characteristics
Item selection
The 16 items of the preliminary version of the questionnaire are listed in Table 5 . They were assessed according to the combination of importance and satisfaction, providing the weighted satisfaction (WS). The formula for this combination (15) is:
The importance scale of the questionnaire is unipolar (i.e. ranging from 1 not important, to 5 extremely important), whereas the satisfaction scale is bipolar (i.e. ranging from 1 dissatis®ed, to 5 very satis®ed, with a zero point between the 2nd and 3rd categories). Therefore, we subtract a score of 1 from the importance ratings in order that`unimportant' answers are not considered in the total score of the QLS (multiplication with zero). The purpose of the formula`2 Â satisfaction 2 5' is to transform the zero Oblique rotation: A non-orthogonal procedure, involving the rotation of one or more axes, so that the resulting factors will be correlated with each other.
Eigen value: The proportion of variance in a variable that is explained by the components.
Scree test: The concept behind the scree test is that, if a factor is important, it will have a large variance. The factors are ordered by variance and the variance is plotted against the factor number. The factors that lie above the`elbow' in the plot are retained. These are the important factors that account for the bulk of the correlations in the matrix.
Factor loading: In factor analysis, this describes the correlation between one of the variables and the factor.
Selectivity, rit (correlation [r] of item [i] with test [t]):
Part±whole correlation between item and scale, which differentiates individuals with a high occurrence of the construct from persons with a low occurrence of that construct.
Kolmogorov±Smirnov test: A statistical test that determines whether the distribution of a variable is different from the normal distribution.
Homogeneity (Cronbach's alpha): A measure of the consistency of a test scale; it examines whether all items of a scale measure the same construct.
point of the satisfaction scale to 2.5 (between the 2nd and 3rd categories). The aim of the item selection was to establish a ®nal set of items that contained, for economic reasons, minimal redundancy and which also complied with the principal psychometric quality criteria (see below). In order to minimize redundancy in the list of 16 items, similar items were grouped by exploratory principal component analyses (PCA) ( Table 6 ) (19) with subsequent oblique rotation ( Table 6 ). These analyses were performed separately in the patient population and in both normative samples. As a result of the PCAs, 10 factors were selected. This selection was based on the plot of the eigen values against the number of factors (scree test) ( Table 6 ) (20) . The assignment of items to the factors was performed according to the highest factor loading (.0.60) (see columns 1±3 in Table 5 ). The 10 factors explain 87.0±88.6% of the variance in the three samples.
The selection of factors and items within the factors was performed according to the psychometric criteria described below:
(1) Sensitivity to change (t value of the t-test for dependent samples between month 0 and month 6).
(2) Deviation from the normal population (t-test for independent samples between patients and the normative data). (3) Selectivity (rit ; Table 6 ) of the items (correlation between item and scale). (4) Test±retest reliability (product±moment correlation between months 21 and 0). (5) Deviation from the normal distribution (P value of the Kolmogorov±Smirnov test (Table 6 ).
The relevant analyses were performed for each of the 16 items separated in the samples from the seven countries. The evaluation of the difference between patients and the normative samples could be performed only in Germany and Spain, and test±retest reliability could be assessed in Germany, the Netherlands and Spain. The result of these analyses was the ®nal item selection consisting of eight items (shown in bold in Table 5 ): resilience/ability to tolerate stress, body shape, self-con®dence, ability to become sexually aroused, concentration, physical stamina, ability to cope with own anger and ability to cope with noise and disturbance. A ninth item (`initiative/drive') shows a high loading on the factor that also contains item 11 (`physical stamina'; between 0.85 and 0.90). According to the established criteria, this item would not have Table 7 The principal characteristics of the nine selected items that make up the ®nal, updated QLS M -H. The dif®culty (mean), standard deviation (S.D.) and selectivity (rit) are shown. Table 7 . The item scores can, theoretically, vary between 212 and +20. However, the actual average scores range between 22.6 (e.g.`®gure/ appearance', UK) and +8.9 (e.g.`self-con®dence', Italy). The standard deviations vary between 5.3 and 9.0. The selectivity coef®cients (rit) are excellent throughout (scores .0.4). Exceptions to this are the scores for`sexual arousal' in Italy and Australia, and coping with anger' in Australia. However, these exceptions do not require the elimination of these items, as a certain dependence of results on the samples is acceptable in this context.
The psychometric properties of the scale
The scores from the nine items were added together to yield a total score. The mean scores from each country and the reliability of the scale are shown in Table 8 . The mean total scores from different countries varied quite signi®cantly. Patients in the UK study had the lowest life satisfaction, with a value of 7.7, whereas Italians had the highest score, at 49. 4 .
As an indication of the reliability of the scale, the homogeneity (Cronbach's alpha) (Table 6 ) and the test±retest reliability were assessed. The range of scores for Cronbach's alpha (0.81±0.89) indicate the good homogeneity of the scale. The test±retest reliability could be assessed only in Germany, the Netherlands and Spain. The baseline data from each study were correlated over a single month without intervention. Correlation coef®cients were 0.88, 0.87 and 0.76 respectively, indicating excellent stability.
The sensitivity to change in score as a result of GH replacement was assessed by the t-test for dependent samples, analysing the scores at baseline (month 0) and after 6 months (7 months in the US study). Figure  2 shows the mean scores of the QLS M -H module for all countries before and after treatment. Table 8 illustrates the means of paired differences and the t value, together with the corresponding level of statistical signi®cance. All scores increased during GH replacement therapy and changes proved to be highly signi®cant. The changes were clearly greater than those observed from each of the non-speci®c modules of the QLS M (QLS M -A and QLS M -G) as described elsewhere.
Internationally validated QOL scales were used for construct validation. Because no GHD-speci®c instruments existed at the time the data were collected, the NHP (5) and SF-36 (Medical Outcome Study Health Survey Short Form) (7) were used, as both scales have, in the past, been used extensively to assess QOL in adult patients with GHD. Table 9 shows the product±moment correlation coef®cients of the QLS M -H scale with the SF-36 (physical and mental component summary score) together with the six scales of the NHP. All correlations were signi®cant. With respect to the SF-36, the correlation coef®cients for the mental component summary score are, without exception, greater than for the physical component summary score. In the various NHP subscales,`emotional reactions',`social isolation' and`energy level' exhibit the closest correlation to the QLS M -H scale. The correlations are inverse ± high scores in the NHP mean low QOL and vice versa for the QLS M and SF-36 scales. Taken together, all these Table 8 The mean total scores derived from the nine-item questionnaire for each country. Reliability of the scale was assessed with Cronbach's alpha representing homogeneity, together with test±retest reliability. The sensitivity to change in response to GH replacement therapy is also shown, together with the difference between the patient group and the normative population. All scores increased during GH replacement therapy and changes were signi®cant. A further validity criterion is the concurrent validity, which can be tested empirically by comparing the scores derived from the questionnaire given to objectively different populations (e.g. mildly and severely ill patients with the same diagnosis, or ill and healthy persons). For patients with hypopituitarism, there is no generally acknowledged single indicator of the severity of disease. We analysed the variables of disease onset (COGHD compared with AOGHD), number of de®cient pituitary hormone axes (IGHD compared with MPHD), BMI, percent fat mass and serum IGF-I concentrations. These variables for each country were correlated with the total score from the QLS M -H scale. However, no signi®cant correlations were found.
Population group
We also tested the magnitude by which patients with hypopituitarism differ from the normal population when matched for age and sex. Table 8 demonstrates that, before treatment (month 0), the patients had signi®cantly lower scores and thus poorer life satisfaction than the normal population. After 6 months of replacement therapy, this difference had completely vanished.
Discussion
This report describes the development and psychometric testing of a novel QOL questionnaire for adult patients with hypopituitarism. Such an instrument must ful®l the following criteria in order to become a useful tool for clinical studies and diagnostics in individual patients. Firstly, it should be disease-speci®c. Secondly, it should permit a subjective weighting of single items. Thirdly, it should meet the classic psychometric quality criteria of validity, reliability and sensitivity to change. Fourthly, it should reveal deviation from the normal population, thereby having the potential to detect pathology. Fifthly, it should be globally applicable across different cultural Figure 2 Total scores of the QLS M -H scale before (pre; shaded bars) and after (post; dark bars) treatment in the seven countries. Also included are the normative scores (horizontal bars) for Germany (D) and Spain (E). AUS, Australia; I, Italy; NL, Netherlands. Table 9 The product±moment correlation coef®cients of the QLS M -H scale with the SF-36 (Medical Outcome Study Health Survey Short Form, physical and mental component summary score) and the six scales of the Nottingham Health Pro®le (NHP). The correlations with the NHP are inverse, because of the opposite`polarity' of the two scales (high scores indicate good QOL in the QLS-H and poor QOL in the NHP and vice versa). backgrounds. Finally, it should be short but comprehensive, and well accepted by the patients. In the past, the development of internationally applicable QOL questionnaires has been approached in a sequential, parallel or simultaneous fashion (16, 17) . The primary objective of these three approaches is to control for signi®cant cultural in¯uences. Here, we used a procedure that may best be described as a parallel approach. A preliminary German language version of the questionnaire, complete with 16 items, was established on the basis of comprehensive interviews and published literature and then translated by independent translators into various languages. Back-translation into the original language was performed in order to ensure semantic equivalence to the highest possible degree. The 16-item version of the questionnaire was subsequently applied to patients from Australia, Germany, Italy, the Netherlands, Spain, the UK and the USA. In the German and Spanish studies, the questionnaire was also applied to normal population samples. Item reduction was carried out on the basis of the data obtained with these various samples. The prede®ned selection criteria were intercorrelation of the items or factor structure, sensitivity to change (sensitivity to treatment), deviation from the normal population, selectivity, test±retest reliability and distribution of the scores. The ®nal updated version of the questionnaire comprises two identical sets of nine items ± one asking the patient for the subjective importance of an item or the weight, with the other set asking the patient for his/her satisfaction with respect to that item. Thus, with this approach, the weighted satisfaction of single items can be assessed in addition to overall weighted satisfaction (sum of the individual scores).
Population group
The scores for Cronbach's alpha and test±retest correlations indicate good reliability, with the test of paired differences between the assessments before and after therapy indicating good sensitivity of the scale in all countries. Unsurprisingly, both the decrease in QOL at baseline and sensitivity to change after GH replacement therapy observed with the disease-speci®c instrument were clearly greater than that observed with the non-speci®c QLS M modules (QLS M -A and QLS M -G). This indicates that QOL instruments that focus on a patient's speci®c disease-related problems are likely to be more accurate with respect to detecting pathology and the ef®cacy of subsequent treatment.
Assessment of the construct's validity in each country provided satisfactory results. The concurrent validity could also be supported, though only with regard to discriminating patients with GHD from the normal population. Within the patient group in each country, none of the reported disease variables showed consistent and signi®cant mean score differences. This result is surprising, particularly with regard to the time of onset of disease. However, in the total patient sample, individuals with COGHD had better life satisfaction than those patients with AOGHD. Whether this difference is due to the generally younger age of patients with COGHD ± young, normal individuals also have a better life satisfaction than older, normal individuals ± or whether it re¯ects different natural histories of the disorder, clearly remains to be established.
Clear variations between the different countries were evident at baseline. The total scores varied from 7.7 for the UK to 49.4 for Italy. To explain these differences, various factors may be considered to have an impact. Firstly, semantic equivalence of the questionnaires may not have been achieved, despite a stringent and standardized translation procedure. Secondly, patient selection may have signi®cantly differed between the countries, though the inclusion criteria and, in particular, the de®nition of GHD, were similar between the various studies. Finally, it is possible that true cultural differences exist with respect to subjective life satisfaction. In support of the ®nal suggestion, it has been established that differences in QOL between countries can be measured even among representative populations (21, 22) , though these differences cannot be attributed to objective parameters (e.g. gross national product).
In contrast, the changes in scores during hGH replacement therapy were comparable in all the countries involved. Therefore, the QLS M -H questionnaire appears to be a useful tool, at least in the longitudinal monitoring of GH replacement independently of cultural background. However, to exploit the power of this instrument fully, particularly with regard to detecting deviation from the norm, normal ranges need to be established in all countries. These ®ndings do, however, highlight an important consideration: the pooling of QOL data from international studies is not a trivial matter, and must be approached with special caution.
The development of the GHD-speci®c QOL questionnaire that we describe here was conducted using several open-label, non-controlled hGH intervention studies. Ideally, a double-blind placebo-controlled study with an identical design in all countries would have been the most favourable approach. However, such a design was not possible after the approval of hGH treatment for adults with GHD. The majority of ethics review boards would have rejected such an approach in a comparable size of patient population. There is no doubt that QOL measurements can be in¯uenced by the patient's expectations regarding therapy. However, the only variable that should be expected to be in¯uenced by such expectations is sensitivity to change. The other variables investigated in this study such as test±retest reliability or deviation from the normal population refer to the baseline and should therefore be unaffected.
In conclusion, we have demonstrated the development of a new, speci®c instrument to assess QOL in patients with hypopituitarism, which can be applied internationally and has been comprehensively tested by psychometric methods. It has a number of advantages over existing scales, allowing an individual weighting of single QOL aspects. The questionnaire is short, and thus economic, is well accepted by the patients and is suitable to be used not only in clinical studies but also for individual patients. Future evaluations in independent cohorts, ideally in placebo-controlled studies, will indicate whether this novel tool proves to be a powerful instrument in the evaluation of QOL in adult patients with GHD.
